I. INTRODUCTION
Yurii Fedorovich Smirnov passed away in 2008. He was a famous physicist with interests in nuclear physics, atomic and molecular physics, condensed matter physics and mathematical physics. More generally, he was at the origin of deep achievements around symmetry methods in physics.
I have not the shoulders to carry the weight of all the fields in which Yurii was recognized as a superb researcher. It is enough to say that he contributed to many domains of mathematical physics (e.g., finite groups embedded in compact or locally compact groups, Lie groups and Lie algebras, quantum groups, special functions) and theoretical physics (e.g., nuclear, atomic and molecular physics, crystal-and ligand-field theory). Let me mention, among other fields, that he obtained alone and with collaborators very important results in the theory of clustering in nuclear systems, in projection operator techniques, in the theory of heavy ion collisions, and in the so-called J-matrix formalism for quantum scattering theory. As another major contribution, he proposed a method, the so-called (e,2e) method, an analog of the (p,2p) method of nuclear physics.
It is not the purpose of these notes to give an extensive list and analyse the numerous 2 papers by Yurii. I shall rather focus on some particular facets of his works corresponding to the above mentioned fields. I shall also devote a part of these notes to some more personal reminiscences related to some of his other fields of interest (crystal-field theory, nonbijective transformations, and the use of quantum groups in nuclear physics).
II. YURII FEDOROVICH SMIRNOV
Yurii Fedorovich Smirnov was a Russian physicist. He was born in the city of Il'inskoe Yurii Smirnov signed and/or co-signed eleven books and more than 250 scientific articles (only a few part of them shall be mentionned here). He translated into Russian several scientific books. As an example, he translated a book on the harmonic oscillator written by Marcos Moshinsky in 1969, precisely the book which was a starting point for their common book, on the same subject, published in 1996 [1] . He was a member of the editorial board of several journals and a councillor of the scientific councils of the Skobeltsyn Institute of Nuclear Physics and of the Chemistry Department of Moscow State University as well as of the Institute for Theoretical and Experimental Physics (ITEP) in Moscow.
III. A FIRST SEMINAL WORK
Following the pioneer work of Talmi [2] , Marcos Moshinsky and Yurii F. Smirnov were independently interested in the description of pairs of nucleons in a harmonic-oscillator po-3 tential. In 1959, Moshinsky developed a formalism to connect the wave functions in two different coordinate systems for two particles (with identical masses) in a harmonic-oscillator potential [3] . In this formalism, any two-particle wave function |n 1 ℓ 1 , n 2 ℓ 2 , λµ , expressed in coordinates with respect to the origin of the harmonic-oscillator potential, is a linear combination of wave functions |nℓ, NL, λµ , expressed in relative and centre-of-mass coordinates of the two particles. The so-called transformation brackets nℓ, NL, λ|n 1 ℓ 1 , n 2 ℓ 2 , λ make it possible to pass from one coordinate system to the other. Moshinsky gave an explicit expression of these coefficients in the case n 1 = n 2 = 0 and derived recurrence relations that can be used to obtain the coefficients for n 1 = 0 and n 2 = 0 from those for n 1 = n 2 = 0 [3] . Along this vein, Brody and Moshinsky published extensive tables of transformation brackets [4] .
At the end of the fiftees, Smirnov worked out a parent problem, viz. the calculation of the Talmi coefficients for unequal mass nucleons, and he gave a solution for the case n 1 = 0 and The harmonic oscillator is a central ingredient in numerous works by Smirnov and Moshinsky. Many applications of the nonrelativistic and relativistic harmonic oscillators to modern physics (from molecules, atoms, and nuclei to quarks) were pedagogically exposed in the book by Marcos and Yurii [1] with a special attention paid to the many-body problem (in the Hartree-Fock approximation and from the point of view of unitary symmetry), the nuclear collective motion, and the interacting boson model. Their common interests were not limited to applications based on the harmonic oscillator. Let us simply mention that both of them were interested in group theoretical methods and symmetry methods in physics and also contributed to several fields of mathematical physics as, for instance, state labelling problem, special functions, generating functions, and nonbijective canonical transformations.
We shall continue in Section IV with some contributions of Yurii mainly in nuclear physics with some excursions in some other domains.
IV. CONTRIBUTIONS IN NUCLEAR PHYSICS AND RELATED AREAS
A. Nuclear structure models Yu.F. Smirnov and some of his collaborators contributed significantly to the theory of clustering in nuclei (see the monographs [7, 8] ). His researches in this domain started, as seen above, with the derivation of transformation brackets [5] . Then, it was necessary to elaborate a formalism for deriving many-nucleon fractional parentage coefficients (FPCs) including one, two, and sometimes three shells. This problem was solved by Yu.F. Smirnov and co-workers via a factorization of each FPC into a space part and a spin-isospin one [9] .
The coincidence of the spin-isospin part of the FPCs with the isoscalar factor part of the Clebsh-Gordan coefficients of the group SU(4) was demonstrated.
Calculation technique of cluster characteristics of oscillator shell-model systems (spectroscopic amplitudes, factors, etc.) as a whole was first developed in [10, 11] . For 1p-shell nuclei, a complete determination of these characteristics was presented in [12] .
For lightest nuclei Yu.F. Smirnov with co-workers built the translationally-invariant shell model which is free of nonphysical oscillations of the center of mass of a nucleus [13] .
Cluster model was proposed by Yu.F. Smirnov with co-authors for the description of electromagnetic form-factors of lightest nuclei [14] .
The formalism of FPCs for many-boson systems, as nuclei described by the interacting boson model in the SU(3) limit, was built by Yu.F. Smirnov and co-authors in [15] .
In connection with shell model calculations, Yu.F. Smirnov and K.V. Shitikova [16] gave a significant contribution to the hyperspherical function method. In the same direction, he also developed some group theoretical aspects of the generalized hyperspherical function method [17] . As a further important contribution in the field of mathematical physics, Smirnov developed, in collaboration with R.M. Asherova and V.N. Tolstoy, the method of extremal projection operators for simple Lie groups [18] and for semisimple complex Lie algebras [19] (this powerful and universal method was generalized by V.N. Tolstoy to all finite-dimensional contragredient superalgebras, to affine Kac-Moody algebras and superalgebras, and finally to the q-deformations of these algebras and superalgebras). Yu.F. Smirnov and collaborators applied the extremal projection operator method to several groups [20] - [27] ; in particular, he elaborated a formalism for the Clebsch-Gordan coefficients and the 3nj-symbols of SU (3) and of the q-deformations of SU(2) and SU(3).
B. Theory of nuclear reactions
The theory of cluster quasi-elastic knock-out nuclear reactions was developed by Yu.F.
Smirnov and co-authors in [28] . The role of cluster de-excitation in this process was demonstrated in [29] .
Yu.F. Smirnov and Yu.M. Tchuvil'sky pointed out by making use of group-theory methods a general property of heavy projectile -heavy target nucleus channel, namely, systems exhibiting great distinctions between the wavefunction of the channel and the wavefunction of the respective compound. As a result, the concept of the co-called structural forbidness of heavy fragmentation (and fusion) was introduced into the theory of heavy ion collisions [30] .
Calculation methods concerning the theory of alpha decay of giant isoscalar quadrupole resonances of nuclei were presented in the paper [31] . if the deuteron would consist of two three-quark nucleons, then its wavefunction should contain components with hidden nucleon isobars (∆, etc.) [33] . The method of calculation of the statistical weights of these components in the deuteron wavefunction was worked out in [33] .
Yu.F. Smirnov was an active participant of the team who developed methods of calculation relative to the dynamics of the six-quark system [34] . (The paper [34] contains a proof of the connection between the isoscalar factors of the Clebsch-Gordan coefficients of the unitary group SU(n) and the Clebsch-Gordan coefficients of the companion permutation group S n .) This team also emphasized the role of color-magnetic attraction and as a consequence of quark configuration mixing in this system [35] .
D. Composite particle interaction
Yu.F. Smirnov and co-authors proposed an approach for treating the interaction between composite particles through the use of deep attractive potentials with redundant states [36] .
He was the principal researcher of the group which made the first calculations of the ground state of the three-body (3α) system with an interaction of such a type [37] . and SU(1, 1) groups [43] as well as in the study of level clustering in the high-J spectra of non-rigid spherical top molecules [44] and of partly-filled shell ions in crystalline fields [45] .
Interesting results were also obtained by Yurii Smirnov and collaborators in the study of ex- The proposed method was successfully applied in many laboratories around the world and provided data on the structure of many-electron systems (see for example [47] for a review about this major contribution).
V. SOME PERSONAL REMINISCENCES A fourth opportunity to get involved with Yurii came from our mutual interest in quantum groups and in nuclear and atomic spectroscopy. I meet him for the first time in Dubna in 1992. We then started a collaboration (partly with R.M. Asherova) on q-and qp-boson calculus in the framework of Hopf algebras associated with the Lie algebras su(2) and su(1, 1) [57] . In addition, we pursued a group theoretical study of the Coulomb energy averaged over the nℓ N -atomic states with a definite spin [58] . We also had fruitful exchanges in nuclear physics. Indeed, Prof. Smirnov and his colleagues D. Bonatsos (from Greece), S.B. Drenska, P.P. Raychev and R.P. Roussev (all from Bulgaria) developed a model based on a oneparameter deformation of SU(2) for dealing with rotational bands of deformed nuclei and rotational spectra of molecules [59] (see also [60] ). Along the same line, a student of mine, R. Barbier, developed in his thesis a two-parameter deformation of SU (2) 
VI. CLOSING
Yurii had many students (some of them are now famous physicists), many collaborators in his country and abroad, and had an influence on many scientists. He was also an exceptional teacher. It was very pleasant, profitable and inspiring to be taught by Prof. Smirnov and/or to discuss with him. I personally greatly benefited from discussions with Yurii Smirnov.
Yurii Fedorovich Smirnov will remain an example for many of us. We will remember the exceptional qualities of the man as a scientist, as a teacher and as a generous person.
Yurii, we shall not forget you.
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